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Nagayama, Y, Inagaki, S., Kawahata, K., 
Ohdachi, S., Sakakibara, S., Watanabe, K.Y 
Sawtooth oscillation is commonly observed 
phenomena in tokamak plasmas [1]. So far, it 
has been considered that a sawtooth crash is 
caused by the (m,n)=(1, 1) tearing mode instability. 
If so, sawtooth crash should be limited in current 
carrying plasmas, such as tokamak plasmas. 
However, since sawtooth oscillation has been also 
observed in currentless plasmas in medium size 
helical systems. Therefore, studying sawtooth 
oscillation in LHD is useful to understand the 
physics of sawtooth oscillation, which has been 
mysterious in long time. 
Figure 1 shows trajectories of LHD discharge 
in a space of plasma current vs. beta. These data 
are obtained in the NBI heated plasmas with 
Rax=3.6m. and Bax=2.75-2.8T. Sawtooth oscillation 
is observed on the region indicated by fat line, and 
is not observed on dotted line. We have three 
sawtooth regions, as follows: the high beta 
sawtooth region, the co-current sawtooth region 
and the counter-current sawtooth region. 
An example of a sawtooth crash in the LHD 
plasma with the plasma current in the co direction 
is shown in Fig. 2. The degradation of 
confinement due to sawtooth has not been 
observed in LHD, yet. The crash time is 1.5 ms. 
ECE signal in the core region (p =0.05) and the 
middle region (p-0.7) drops simultaneously. 
Considering the plasma volume and the increment 
of temperature, the increment of thermal energy in 
the peripheral region is clearly larger than the 
decrease of thermal energy in the core region. So 
the increment of temperature cannot be explained 
by the heat transfer. The beta increases and the 
line averaged density decreases during the 
sawtooth crash. These phenomena have been 
never observed in tokamaks. The sawtooth 
oscillation in helical systems is mysterious and it 
requires great efforts to be understood. 
[1] Y. Nagayama, et al., Phys. Plasmas. 3, 1647 
(1996). 
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Fig. 1 Trajectory of the plasma evolution. 
Sawtooth is observed on the thick line. 
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Fig.2 Signals during sawtooth oscillation in LHD 
with the plasma current in the co direction. 
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